MATERIALS AND METHODS
The species investigated in this study are as follows: Apidae Apis mellif era Linneaeus (honey bee), Apis indica japonica Radoszkowski;
Anthophoridae Xylocopa appendiculata circumvolans Smith, Anthophora quadrifasciata Villers; Vespidae Polistes chinensis antennalis Perez, Polistes jadwigae Dalla Torre; and Megachilidae Megachile nipponica Cockerell.
Twenty ether-anaesthetized adult bees or wasps per species were homogenized in deionized water (weight/weight) with a glass homogenizer cooled in ice water. A glass-Teflon homogenizer was employed for homogenization of a single bee or wasp. The homogenate was centrifuged at 15,000 rpm (17,000 X g) for 1 hour at 0-2°C, and the supernatant was stored at -20°C until used. The agar or agarose-gel electrophoresis was done according to the procedure described by Ogita (1962 Ogita ( , 1964 for separation of non-specific and specific esterase isozymes.
The gel contained 0.7 g agar or agarose and 1.5 g polyvinylpyrolidone (molecular weight: 700,000) in 100 ml potassium phosphate buffer (pH 6.8) of ionic strength 0.015. The medium gel was gelatinized on a glass plate (16.3 X 18.0 cm) to produce a smooth surface layer with a thickness of 0.8-0.9 mm. After the samples were applied on the layer, electrophoresis was carried out at a constant current of 1 mA per cm for 90 minutes in a refrigerator at 4-8°C. After electrophoresis, the gel was incubated in 20 ml potassium phosphate buffer containing either 1 ml of a-naphtyl acetate, 3-naphtyl acetate, a-naphtyl butylate, or indoxyl acetate (1 in acetone) as substrate.
A dye-coupler, 25 mg diazo blue B salt, was used with the first three substrates.
Similar electrophoretic zones for esterases were observed using either agar gel or agarose gel. For classification of the types of specific esterase activity, inhibitors such as DFP (diisopropyl fluorophosphate), eserine sulfate, PCMB (p-chloromercuri benzonate), acetylcholine iodide and EDTA (ethylenediaminetetraacetic acid) were used. Similar electrophoretic zones for esterases were observed using any of anaphtyl acetate, p-naphtyl acetate and a-naphtyl butylate as substrate.
However, when indoxyl acetate was used as the substrate, esterases were detected only in the Polistes genus, but not in the Apis genus (Table 1) . Esterases of these 4 species were completely inhibited by either DFP (10-4M) or eserine sulfate (10-3M), partially inhibited by acetylcholine iodide (10-3M), but not inhibited by EDTA (5 x 10-4M) ( Table 2) . Each of electrophoretic bands behaved in a similar way to the various kinds of inhibitors used in this study.
These inhibitor studies substantiate the fact that these esterase isoenzymes are acetylcholine esterases (Holmes and Masters, 1967; Augstinson, 1961) . Zymogram patterns of esterases of Anthophora quadrifasciata and Megachile nipponica were quite different from those of Apis and Polistes species.
Zymogram pattern of esterases of Xylocopa appendiculata was similar to that of Apis mellifeya, but the migration speed of the former was much faster than that of the latter (Fig. 1) .
It is well known that parthenogenesis (haploid) males are common in Order Hymen- operata (Dzierson, 1845) . The present work demonstrated that esterase activity of the female tissue (workers, diploid) is much higher than that of the male (drones) both in Apis mellifera and Polistes jadwigae.
In Polistes jadwigae, the activity was 4-8 times higher in the female than in the male (Fig. 2) . However, Merrian and Ris (1954) reported that somatic tissues of the male honey bee, although developed from a haploid gamate, are not haploid and have about the same chromosome numbers as compared with female tissues and high degrees of polysomaty in the tissues occurred.
So most of the zygotes of the parthenogenetic male are homozygous. Therefore, the lower enzymatic activity of the male bee or wasp tissues observed in the present work may be due to homozygosity rather than haploidy of the parthenogenetic males. 
